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Abstract: Species that successfully colonized subterranean environments are subject to two opposing
selection processes. Stringent abiotic factors select for convergent adaptations, such as loss of eyes and
pigments, while interspecific competition drives between-species divergence. Subterranean species can
resolve opposing selection by adaptation to physically different microhabitats. Yet, species frequently
co-occur in physically homogeneous subterranean habitats, like interstitial. These co-occurrences in
such a narrow ecological context can be explained either by equalizing mechanisms, in which neither of
the co-occurring species has a competitive advantage, or by more complex niche models that include
species’ differentiation along a trophic niche axis. We tested these hypotheses using the amphipod
genus Niphargus. We analysed Europe-wide co-occurrence records of Niphargus species from interstitial
habitats, split into six independent large-scale regions. Firstly, we addressed whether species’ pairwise
co-occurrences are random using a probabilistic model. Secondly, we tested whether species cluster into
distinct functional–morphological groups and whether ecologically or phylogenetically distinct species are
more likely to co-occur. We found that 68% of species co-occurrences were not different from random
expectation, indicating that most species had access to most sites within each region. The remaining
32% co-occurred either significantly more or less often than expected by chance. Cluster analysis of
functional morphological characters showed that interstitial species belong to two feeding types, micro-
and macrofeeders, likely representing two peaks of the interstitial adaptive landscape, and hinting that
niche divergence, as a mechanism allowing coexistence, is favoured. Finally, we found that the number
of co-occurrences increases with increasing differentiation of functional morphology, but not phylogenetic
differences. We conclude that ecological differentiation may be important in shaping such interstitial
communities.
DOI: https://doi.org/10.1111/ecog.03983
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Black Sea  39  21  12  9  1  0.15  2.2  8  48  8 
Celtic Sea and 
Channels 
12  3  2  1  1  0.15  2.2  1  2  0 
E Medit. Sea  27  18  4  14  1  0.33  1  4  15  2 
North Sea  21  7  3  4  1  0.35  1  4  5  2 
N Atlantic Ocean  11  4  3  1  1  0.35  1  0  3  0 
W Medit. Sea  44  9  6  3  1  1  2  9  18  5 
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Supplementary Material 
Table A1. List of localities and co‐occurring species from European Groundwater Crustacean Dataset. 
Table A2. A matrix of occurrence records across localities, used for clustering analysis for defining major 
European interstitial communities.  
Table A3. Morphometric data used in morphological clustering. 
Table A4. Species used in phylogenetic analysis, and their geographic origin and accession numbers.  
Supplement to Phylogenetic and reconstruction analyses with Table A5. Molecular phylogenetic analyses 
and reconstruction methods, results of reconstruction analyses. 
Table A6. Matrix of pairwise co‐occurrences used in testing for non‐randomness of the biodiversity 
patterns. 
Table A7. Matrix of pairwise Euclidean distances used in testing for non‐randomness of the biodiversity 
patterns. 
Table A8. Matrix of pairwise patristic distances used in testing for non‐randomness of the biodiversity 
patterns. 
Fig. A1: Proportion of negative, positive or random species co‐occurrences based on the analysis 
proposed by Veech (2013). A random co‐occurrence indicates that the observed co‐occurrences are 
not different than expected under a neutral model. N = species. 
Figure A2. Comparison of pairwise Euclidean distance and number of co‐occurrences of species pairs for 
the six different regions (color‐coded). Data of no co‐occurrence (zero values) are excluded. Species 
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with a higher number of co‐occurrences have an on average higher Euclidean distance with respect 
to their functional/morphological similarity. For illustration purposes we show individual linear 
regressions lines fitted to the data of the individual regions, while the black line and shaded area is 
the predicted mean±se value of the overall regression model. 
 
